Microorganisms and their hosts communicate with each other through an array of signals. The plant hormone auxin (indole-3-acetic acid; IAA) is central in many aspects of plant development. Cyclodipeptides and their derivative diketopiperazines (DKPs) constitute a large class of small molecules synthesized by microorganisms with diverse and noteworthy activities. Here, we present genetic, chemical, and plant-growth data showing that in Pseudomonas aeruginosa, the LasI quorum-sensing (QS) system controls the production of three DKPs-namely, cyclo(L-Pro-L-Val), cyclo(L-Pro-L-Phe), and cyclo(L-Pro-L-Tyr)-that are involved in plant growth promotion by this bacterium. Analysis of all three bacterial DKPs in Arabidopsis thaliana seedlings provided detailed information indicative of an auxin-like activity, based on their efficacy at modulating root architecture, activation of auxin-regulated gene expression, and response of auxin-signaling mutants tir1, tir1 afb2 afb3, arf7, arf19, and arf7arf19. The observation that QS-regulated bacterial production of DKPs modulates auxin signaling and plant growth promotion establishes an important function for DKPs mediating prokaryote/eukaryote transkingdom signaling. 
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root development | lateral roots | root hairs | phytostimulation | plant-bacteria interactions T he communication between bacteria and their hosts through interkingdom signaling is a recent field of research. This field evolved from the initial observation that bacteria can communicate through hormone-like signals-a process known as quorum sensing (QS) (1) . The field expanded with the realization that these bacterial signals can modulate mammalian (2) and plant (3) cell-signal transduction, and that host hormones can cross-signal with QS molecules to modulate bacterial gene expression (4, 5) . A predominant type of small-molecule autoinducer, N-acyl-L-homoserine lactone (AHL), is used by Gramnegative bacteria (6, 7) . AHLs are synthesized from S-adenosyl methionine (SAM) and particular fatty acid carrier proteins by AHL synthases (1) . AHLs all share the core homoserine lactone moiety, but distinct fatty acid side chains are incorporated into the signal molecules by their respective AHL enzymes. Small-tomedium-chained AHLs cross membranes freely and bind in the cytoplasm to transcription factors, which upon ligand binding, regulate the transcription of QS-controlled genes (1, 4) .
Both pathogenic and symbiotic plant-associated bacteria require QS to successfully interact with their hosts (8, 9) . However, plants have evolved multiple mechanisms to interpret these QS signals. Small concentrations of AHLs caused substantial changes in gene expression in Medicago truncatula and Arabidopsis thaliana, affecting primary metabolism, plant-hormone responses, and root system architecture (3, 10, 11) . Bacteria that inhabit the rhizosphere may also influence plant growth by producing phytohormones, such as auxins (12) . Application of indole-3-acetic acid (IAA) or IAA-related metabolites stimulates lateral root (LR) and root hair formation, which may increase water and nutrient acquisition, leading to increased biomass production (12) . Consistent with this, several Arabidopsis mutants with defective auxin transport, perception, or signaling, including aux1, axr2, tir1, and tir3/doc1/big have been identified that show reduced root hair and LR formation or decreased plant size (13) .
Plant/bacteria communication can be achieved by means of different metabolites, some of which can mimic the activity of endogenous phytohormones. Cyclodipeptides and their derivative diketopiperazines (DKPs) constitute a class of small molecules synthesized by a wide range of microorganisms that exhibit diverse and useful biological activities. For example, cyclo(L-Phe-L-Pro) and cyclo(L-Phe-trans-4-OH-L-Pro) act as antifungal compounds (14) , and epipolythiodioxopiperazines show antitumor, antibacterial, antiviral, and immunosuppressive properties (15, 16) . These compounds are synthesized by a family of tRNA-dependent peptide bond-forming enzymes termed cyclodipeptide synthases (17) . Although DKPs are noteworthy bioactive molecules, there is limited information concerning the regulation of DKP biosynthesis in bacteria and its role in plant signaling.
Results

QS-Modulated Plant Growth Promotion by Pseudomonas aeruginosa.
Pseudomonas aeruginosa has been used as a bacterial model to understand QS regulated by AHLs. P. aeruginosa has two mainly AHL-dependent QS systems-the las and rhl systems. In the las system, the LasI AHL synthase directs the synthesis of 3-oxo-C12-AHL, which interacts with the transcription factor LasR to target gene promoters. In the rhl system, the RhlI synthase directs the synthesis of C4-AHL, which interacts with the cognate regulator RhlR and controls transcription of target genes (6, 7, 18) . We tested the in vivo effect of P. aeruginosa on plant growth by cocultivating 4-d-old Arabidopsis thaliana seedlings grown on agar plates containing 0.2× Murashige and Skoog (MS) medium with ∼2.8 × 10 8 cfu of P. aeruginosa PAO1 WT and the P. aeruginosa AHL synthase-deficient mutants lasI, rhlI, and rhlI/ lasI double mutant by streaking the bacteria on the surface of the medium at a 5-cm distance from the primary root tip (Fig. 1A) . After 8 d of growth in the presence of P. aeruginosa WT, a significant increase in shoot and root biomass production was observed ( Fig. 1 B and C) , which correlated with altered Arabidopsis root system architecture (RSA; Fig. 1 D and E) . With comparable growth for all bacterial WT and mutant strains on the plant-bacteria interacting medium, the lasI single and rhlI/ lasI double mutant exhibited lower primary root growth inhibition but greater formation of lateral roots and root hairs compared with the WT strain or the rhlI single P. aeruginosa mutant ( Fig. 1 D and E and Fig. S1 ). Interestingly, altered RSA correlated with significantly increased shoot and root biomass production in plants cocultivated with P. aeruginosa lasI single mutants and with a nearly threefold-enhanced growth promotion by the rhlI/lasI double mutant ( Fig. 1 B and C) . This plant growth-promoting (PGP) effect could also be observed in plants cocultivated with bacteria at very close (1 cm) distance from the root tip, in which P. aeruginosa lasI and rhlI/lasI strains could directly contact the root system, and increased by fivefold shoot and root fresh weight (Fig. S2 ). These findings suggest that AHL signals produced by the AHL synthases LasI and RhlI modulate the production of compounds directly involved in biomass production, and cell division and differentiation processes in the root.
P. aeruginosa Produces DKPs Capable of Stimulating LR Development
in Arabidopsis. Diverse bacterial species possess the ability to produce the auxin phytohormone IAA (12) . To search for IAA or IAA-related substances, EtOAc extracts of WT P. aeruginosa cellfree culture supernatants were assayed for their ability to stimulate LR initiation by counting lateral root primordia (LRP; Fig. 2 A and B). Three active fractions were identified (P6, P7, and P8) with peak retention times of 7, 7.5, and 12 min, respectively. The supply of purified fractions strongly increased stage A LRP production (Fig. 2B ). The corresponding active peaks dramatically accumulated in P. aeruginosa lasI and rhlI/lasI mutant extracts (Fig. 2C) . The molecular identity of purified peaks 6, 7, and 8 was resolved by GC/mass spectrometry and further confirmed by (Fig. S3 ). Our finding that in the P. aeruginosa lasI and rhlI/lasI mutants all three DKPs increase in concentration suggests that DKP biosynthesis is regulated by the LasI/LasR QS system.
Chemical Complementation of P. aeruginosa lasI and rhlI/lasI Mutants.
Application of commercially available C4-AHL and 3-oxo-C12-AHL compounds to the growth medium of WT and P. aeruginosa mutant strains cocultivated with A. thaliana seedlings showed that only 3-oxo-C12-AHL normalized primary root growth inhibition and root hair development by lasI or rhlI/lasI strains, as observed in seedlings cocultivated with WT P. aeruginosa or rhlI single mutant (Fig. S4) . Chemical complementation of single lasI or double rhlI/lasI mutants by 3-oxo-C12-AHL revealed that regulation of plant growth and development by P. aeruginosa is likely controlled by the LasI QS system.
Bacterial DKPs Modulate Auxin Responses in Arabidopsis. Lateral root growth and root hair formation are tightly regulated by auxin (13) . The peculiar heterocyclic system of DKPs can be found in IAA and other compounds with auxin activity (19) . The finding that cocultivation of Arabidopsis seedlings with lasI and rhlI/lasI mutants also leads to plants with enhanced lateral root and root hair formation prompted us to evaluate whether DKPs could act as auxin signal mimics. To determine if the enhanced production of DKPs by P. aeruginosa lasI mutants could affect auxin signaling in plants, Arabidopsis transgenic seedlings expressing the auxin-inducible DR5:uidA marker (20) were cocultivated with WT P. aeruginosa or lasI mutant. In aseptically grown seedlings, DR5:uidA is expressed primarily in the root tip region (Fig. 3A) . DR5:uidA seedlings supplied with 3 μM IAA showed a strong GUS activity throughout the primary root (Fig.  3B) , indicating activated auxin responses. The pattern of GUS expression in DR5:uidA seedlings cocultivated with WT P. aeruginosa remained similar to that observed in axenically grown plants (Fig. 3C) . In contrast, in plants cocultivated with P. aeruginosa lasI mutant, there was a very clear increase in expression of this marker in the entire primary root (Fig. 3) , indicating that the LasI QS system regulates the biosynthesis of compound(s) with auxin activity. Next, we tested the activity of all three DKPs on DR5:uidA expression in root tips by transferring 6-d-old seedlings grown on 0.2× MS solidified medium to 0.2× MS liquid medium supplied with IAA or DKPs, respectively. Fig. 3 E and F shows histochemical staining for transgenic DR5:uidA seedlings that were treated with IAA or the different DKPs. A dosedependent GUS expression in plants treated with cyclo(L-Pro-LTyr) and cyclo(L-Pro-L-Val) was clearly observed, whereas cyclo (L-Pro-L-Phe) showed less activity (Fig. 3F) . In a similar assay, a second auxin response marker-namely, BA3:uidA (21)-was activated by IAA and all three DKPs (Fig. S5) . These results show that bacterial DKPs can activate auxin-inducible gene expression in Arabidopsis seedlings.
The biological activity of IAA and cyclo(L-Pro-L-Tyr) was also tested in relation to primary root growth. IAA inhibited primary root growth in nanomolar concentrations, whereas much greater concentrations of cyclo(L-Pro-L-Tyr) were required for growthrepressing effects (Fig. S5) , indicating weak auxin activity for this DKP.
DKPs Enhance Aux/IAA Protein Degradation and Require a Canonical Auxin Signaling Pathway for Activity. Auxin is perceived by direct binding to the transport inhibitor response 1 (TIR1) protein, a member of a small family of F-box proteins (22, 23) . This interaction accelerates the Skp1, Cdc53/Cullin1, F-box protein ubiquitin ligase-catalyzed degradation of Aux/IAA repressor proteins, allowing derepression of auxin-regulated genes by auxin response transcription factors (ARFs) (24) . We next compared the effect of IAA and DKPs on auxin-mediated degradation of Aux/ IAA proteins using the Arabidopsis HS::AXR3NT-GUS line (24) . Seedlings expressing the HS::AXR3NT-GUS construct were heat shocked at 37°C for 2 h and further treated with 3 μM IAA, or 30 μM of cyclo(L-Pro-L-Tyr), cyclo(L-Pro-L-Val), and cyclo(L-Pro-L-Phe) for 60 min. Treatment with DKPs showed enhanced degradation of the fusion protein in a similar way to IAA, but greater concentrations of the compounds were required to achieve the same effect on HS::AXR3NT-GUS degradation (Fig. S5) . Our data indicate that DKPs likely act in the auxin-mediated signaling pathway, possibly by direct binding to an auxin receptor, which rapidly destabilizes the AXR3 protein.
We performed a computational molecular docking analysis of DKP affinity to the Arabidopsis TIR1 receptor using the published crystallized TIR1 structure with the Aux/IAA7 peptide. This analysis revealed only one conformation cluster for all three DKPs with the same orientation into TIR1, which mimics the binding of IAA or 2,4-D (Fig. S6) , suggesting that DKPs can fit in the TIR1 binding pocket.
To determine whether the TIR1 family of auxin receptors and ARFs are involved in Arabidopsis responses to DKPs, we analyzed LR formation in response to cyclo(L-Pro-L-Tyr), cyclo(LPro-L-Val), and cyclo(L-Pro-L-Phe) in WT Col-0 Arabidopsis seedlings and in tir1-1 and tir1afb2afb3, single and triple mutants, respectively, and in arf7-1, arf19-1, and arf7arf19 mutants. In solvent-treated WT seedlings, cyclo(L-Pro-L-Val) and cyclo(LPro-L-Phe) increased total LR number per seedling (Fig. 4) . tir1-1 mutants had a roughly 25% reduction in LR number, observed in WT seedlings in solvent media. Interestingly, the increase in LR formation observed in WT seedlings when treated with DKPs was clearly reduced in tir1-1 mutants (Fig. 4) . When a triple tir1afb2afb3 mutant was analyzed, it was found that LR formation was not stimulated by DKP treatment (Fig. 4) . The single arf7-1 mutant displayed a significant reduction in LR number compared with WT seedlings in solvent media; in addition, the stimulation of LR formation by DKPs was reduced in both arf7-1 and arf19-1 single mutants. The arf7arf19 double mutant was completely insensitive to DKPs in terms of increased lateral root formation (Fig. 4) . A kinetic experiment monitoring primary root growth and lateral root formation revealed that WT P. aeruginosa similarly inhibited primary root growth in WT and all five auxin-related mutant lines tested, whereas arf7arf19 and tir1afb2afb3 lines were resistant to lateral root induction both by P. aeruginosa WT or lasI mutants (Fig. S7) .
Discussion LasI QS-Controlled DKP Production Enhances Plant Growth Promotion
Capability of P. aeruginosa In this work, we explored genetically whether AHL QS is involved in growth and development of Arabidopsis evaluating the effects of cocultivation with P. aeruginosa lasI, rhlI and rhlI/lasI single and double mutants on plant biomass production and root architectural changes. We found that both shoot and root biomass production increased in Arabidopsis seedlings cocultivated with WT P. aeruginosa. Interestingly, growth promotion capability was further potentiated in lasI and rhlI/lasI mutants ( Fig. 1 and Fig. S2 ), which correlated with decreased primary root growth inhibitory effect with the mutants compared with WT P. aeruginosa (Fig. 1) . This primary root growth normalizing effect is apparently independent of the second bacterial AHL QS system RhlI, which produces C4-AHL and can be reverted by the inclusion of 3-oxo-C12-AHL in the agar medium (Fig. S4) . It was noticeable that lasI and rhlI cocultivation strongly promoted LR formation and root hair development in Arabidopsis WT seedlings in a way that suggests that the effects of the bacteria are mediated by auxin ( Fig. 1 and Figs. S1 and S2).
Our data are apparently contradictory to previous reports showing that P. aeruginosa is pathogenic to Arabidopsis (25) (26) (27) . However, in their initial screen, Rahme et al. (25) evaluated a collection of 75 P. aeruginosa strains (30 human, 20 soil, and 25 plant isolates) for their ability to cause disease on leaves of four different A. thaliana ecotypes. Most strains elicited no symptoms, and only two strains, UCBPP-PA14, a human isolate, and UCBPP-PA29, a plant isolate, caused severe soft-rot symptoms in leaves of some, but not all, of the ecotypes tested (25) . It is also important to note that P. aeruginosa pathogenicity tests have focused mainly on leaves, infiltrating thousands of bacteria into plant tissues, which are able to secrete a variety of potent degradative enzymes and virulence factors (25) (26) (27) . In contrast, accumulating information shows the potential of P. aeruginosa as a phytostimulant (28) . It is tempting to speculate that the issue of whether P. aeruginosa is a pathogen or a plant growth promoting bacterium or both would depend upon the specific assays and even with the initial concentrations of the inoculums.
Our detailed study is unique in that it characterizes the responses of Arabidopsis roots to P. aeruginosa. Our data shows that cocultivating P. aeruginosa in the vicinity of the primary root did not cause cell death or cell damage (Fig. S8) , as revealed by CycB1:uidA (29) and AtPRZ:uidA (30) marker gene expression in the primary root meristem and expression of the cell nuclei marker AtHistH2B:YFP (31) by confocal laser scanning microscopy in seedlings stained with propidium iodide (PI). This finding suggests that root architecture remodeling under these conditions is unlikely due to a toxic effect, but instead by induction of cell differentiation processes at the root meristem region. Secretion of 3-oxo-C12-AHL by WT P. aeruginosa likely contributes to primary root inhibition by decreasing proliferative cell activity in the meristem, as application of the purified compound arrested cell division in the root meristem (Fig. S9) . In consonance with these results, no symptoms of chlorosis or necrosis were detected in leaves of plants cocultivated with WT P. aeruginosa or QS-related mutants (Fig. S2) .
In our experiments, we were unable to detect IAA from bacterial extracts, but instead found that three DKPs are produced by WT P. aeruginosa and are negatively regulated by the LasI AHL QS-controlled pathway. Each compound was purified to homogeneity by semipreparative HPLC, and its structure confirmed by MS and NMR spectroscopy as cyclo(L-Pro-L-Tyr), cyclo(L-Pro-LVal), and cyclo(L-Pro-L-Phe; Fig. 2 and Fig. S3 ). Certain DKPs from P. aeruginosa and other Gram-negative bacteria, including have been described as QS factors affecting bioluminescence and swarming motility (32) . Whether these molecules modulate AHLmediated QS in the producer organism affecting pathogenic or symbiotic relationships with plants, or in other organisms occupying a similar ecological niche, remains to be established.
Bacterial DKPs Show Auxin-Like Activity in Arabidopsis. The structure/activity relationship of auxin has been extensively investigated. Among more than 200 auxinic compounds identified, only two common features can be recognized as critical for auxin activity: a planar aromatic ring structure and a carboxyl groupcontaining side chain (19) . The ring structure and its attached atoms on known auxinic compounds can vary significantly, suggesting a large degree of promiscuity. However, the two common features alone do not necessarily give rise to an auxin-like molecule. The DKPs identified in this work possess a heterocyclic system also found in IAA and other compounds with auxin activity. The effects of IAA, cyclo(L-Pro-L-Val), cyclo(L-Pro-L-Tyr), and cyclo(L-Pro-L-Phe) on auxin-regulated gene expression suggests that all three DKPs show a weak auxin activity. Cocultivation of transgenic Arabidopsis seedlings expressing the auxin-inducible reporter constructs DR5:uidA or BA3:uidA with P. aeruginosa lasI mutant, or treatment with DKPs, clearly activated GUS expression in the root system. However, greater concentrations than IAA were required for DKPs to activate auxin-inducible gene expression (Fig. 3 and Fig. S5 ). Four additional lines of evidence indicate that DKPs may act as auxin signal mimics: (i) the effect of cyclo(L-Pro-L-Tyr) inhibiting primary root growth (Fig. S5) 
, and cyclo(L-Pro-L-Phe) on Aux/IAA stability using the Arabidopsis HS::AXR3NT-GUS line (Fig. S5) ; (iii) the promotion of LR formation by DKP application to Arabidopsis WT seedlings; and (iv) the finding that DKPs no longer stimulate lateral root formation in auxin receptor mutants tir1afb2afb3 and in arf7arf19 (Fig. 4 and Fig. S7 ). Molecular docking analysis further predicted that DKPs might interact with the TIR1 auxin receptor (Fig. S6) . These data suggest that the planar structure of DKPs is likely responsible of their activity as auxin signal mimics. These compounds might bind to the promiscuous auxin binding pocket of TIR1 with different affinities, as shown for synthetic auxins with varied structure such as naphthalene acetic acid (1-NAA), 2,4-dichlorophenoxyacetic acid (2,4-D) , and 4-amino-3,5,6-trichoropicolinic acid (picloram) (19, 33) . The interaction between the F-box-containing protein (SCF) and the Aux/IAA was previously demonstrated in a pull-down assay in which TIR1-myc was recovered from plant extracts using recombinant Aux/IAA proteins in the absence and presence of auxin (34) . These experiments showed that the interaction between TIR1 and the Aux/IAA proteins is dramatically enhanced by auxin. Whether DKPs elicit auxin responses by direct binding to TIR1 or AFB auxin receptors remains to be determined.
Role of DKPs in Plant/Bacteria Interactions. Plant hormones control plant growth by affecting the spatial and temporal expression of genes involved in cell division, elongation, and differentiation. The potential of single bacterial strains to interfere with plant hormone levels remains one of the major challenges toward better understanding, predicting, and possibly controlling plant hormone responses in complex plant-associated bacterial communities. We propose a model to explain the effects of P. aeruginosa in Arabidopsis (Fig. S10) . WT P. aeruginosa alters RSA by at least two mechanisms: one that likely involves 3-oxo-C12-AHL and is independent of auxin signaling leads to primary root growth inhibition, and one where it promotes root branching interacting with auxin as it requires normal functioning of auxin receptors TIR1, AFB2, and AFB3 and transcriptional regulators ARF7 and ARF19 acting downstream (Fig. S7 ). In our model, the primary root growth inhibition is no longer observed in plants cocultivated with lasI or rhlI/lasI, but instead an increase in root hair and lateral root formation occurs that correlates with plant growth promotion and production of DKPs. Root branching induced by lasI or rhlI/lasI mutants indeed required normal auxin signaling and could be a particular response to all three DKPs secreted by the mutants (Figs. S7 and S10) . Our results showing the involvement of DKPs in RSA modulation add to the plethora of potential functions of these intriguing molecules. Based on their auxin-like activity, DKPs can be regarded as broad-spectrum molecules used to modulate the activity of both prokaryotic and eukaryotic cells, and thus represent a novel class of signals enabling interkingdom communication. An interesting study by Degrassi et al. (35) showed that plant growth-promoting Pseudomonas putida WCS358 produces and secretes four DKPs, which as shown in the present work may be involved in plant growth promotion. Manipulating AHL-dependent QS signaling and DKP biosynthesis may be a promising strategy for development of bacterial inoculants to enhance crop yields by means of auxin signaling and root architecture modulation. WT and tir1-1, arf7-1, arf19-1, arf7arf19 , and tir1afb2afb3 mutant lines were germinated and grown for 6 d on 0.2× MS agar medium and transferred into 24-well cell culture plates (10 seedlings per well) and grown in 2 mL 0.2× MS liquid medium supplemented with 30 μM of each DKP for two additional days. Data points show the mean lateral root number per plant ± SD. Different letters indicate means that differ statistically at P < 0.05. The experiment was repeated twice with similar results. tir1-1, tir1afb2afb3 (36), arf7-1, arf19-1, and arf7arf19 (37) were used for all experiments. Seeds were surface sterilized with 95% (vol/vol) ethanol for 5 min and 20% (vol/vol) bleach for 7 min. After five washes with sterile distilled water, seeds were germinated and grown on agar plates containing 0.2× Murashige and Skoog medium (Murashige and Skoog basal salts mixture, M5524; Sigma). The suggested formulation is 4.3 g·L −1 of salts for 1× medium; we used 0.9 g·L
, which we consider and refer to as 0.2× MS. This medium lacks amino acids and vitamins. Phytagar (micropropagation grade) was purchased from Phytotechnology. Plants were placed in a plant growth chamber (Percival Scientific AR-95L) with a photoperiod of 16 h of light, 8 h of darkness, a light intensity of 100 μmol·m 2 ·s −1 , and a temperature of 22°C.
In Vitro Plant/Bacteria Cocultivation Assay. Bacterial strains used in this work were P. aeruginosa PAO1 (WT), P. aeruginosa lasI, rhlI, and rhlI/lasI single and double mutants, respectively (38) . The bacterial strains were evaluated in vitro for their plant growth-promotion ability, using the Arabidopsis Col-0 ecotype. Bacterial densities of 2.5 × 10 8 cfu were cocultivated by streaking on agar plates containing 0.2× MS medium. Six-day-old germinated Arabidopsis seedlings (20 seedlings per plate) were grown to one side of the plate, opposite to the bacterial streak site at a 5-cm distance from the root tip. The seedlings were grown for a further 8-d period by placing the plates in the growth chamber in a completely randomized design. All experiments were replicated at least three times.
Hormone Treatments. For all experiments, 0.2× MS medium was supplemented with IAA or DKPs. Ethanol-dissolved compounds were added to cooled (50°C) molten medium and poured into plates. Control plates were supplied with the greatest concentration of ethanol used in the AHL treatments. IAA was purchased from Sigma. DKPs were directly purified from WT P. aeruginosa and lasI mutant cultures.
Aux/IAA Protein Degradation Assay. Six-day-old HS::AXR3NT-GUS Arabidopsis transgenic seedlings were incubated on liquid 0.2× MS medium for 2 h at 37°C, followed by transfer of the seedlings into liquid 0.2× MS medium supplied with the different DKP or IAA compounds for 60 min at 22°C. The seedlings were washed with fresh 0.2× MS medium and for 12-14 h histochemically stained for GUS activity.
Analysis of Growth, Statistics, and Histochemical and Microscopy Analysis. The detailed analysis of growth, purification, and chemical characterization of cyclodipeptides, statistics, histochemical, and microscopy analysis are described in SI Materials and Methods.
